Bovine Clq, a subcomponent of the first component of complement, was purified in high yield by a combination of euglobulin precipitation, and ion-exchange and molecularsieve chromatography on CM-cellulose and Ultrogel AcA 34. Approx. 12-16mg can be isolated from 1 litre of serum, representing a yield of 13-18%. The molecular weight of undissociated subcomponent Clq, as determined by equilibrium sedimentation, is 430000. On sodium dodecyl sulphate/polyacrylamide gels under non-reducing conditions, subcomponent Clq was shown to consist of two subunits of mol.wts. 69000 and 62000 in a molar ratio of 2: 1. On reduction, the 69000-mol.wt. subunit gave chains of mol.wts. 30000 and 25000 in equimolar ratio, and the 62000-mol.wt. subunit decreased to 25000. The amino acid composition, with a high value for glycine, and the presence of hydroxyproline and hydroxylysine, suggests that there is a region of collagen-like sequence in the molecule. This is supported by the loss of haemolytic activity and the degradation of the polypeptide chains of subcomponent Clq when digested by collagenase. All of these molecular characteristics support the structure of six subunits, each containing three different polypeptide chains, with globular heads connected by collagen triple helices as proposed by Reid & Porter (1976) (Biochem. J. 155,(19)(20)(21)(22)(23) for human subcomponent Clq. Subcomponent Clq contains approx. 9% carbohydrate; analysis of the degree of substitution of the hydroxylysine residues revealed that 91% are modified by the addition of the disaccharide unit Gal-Glc. Bovine subcomponent Clq generates full Cl haemolytic activity when assayed with human subcomponents Clr and Cls.
Complement is a complex mixture of plasma proteins that play an important part in defence against infection. Activation of the system can take place by two main routes, the classical and alternative pathways, both leading to activation of the membrane attack system, which can result in cytolysis (reviewed by Fothergill & Anderson, 1978) . The classical pathway is activated mainly by antigenantibody aggregates, which interact with the first component of complement, Cl, a Ca2+-dependent complex of three proteins, Clq, CIr and Cls (Lepow et al., 1963) . The binding of the first component of complement to the Fc portion of immunoglobulin takes place through the Cl q subcomponent (Yasmeen et al., 1976) . The binding of subcomponent Clq causes activation of subcomponent Clr in the Cl complex, by the splitting of probably a single peptide bond (Gigli et al., 1976; Sim et al., 1977) , which in Abbreviations used: SDS, sodium dodecyl sulphate; dansyl, 5-dimethylaminonaphthalene-l-sulphonyl; the symbols for complement components conform to the recommendations of the World Health Organization (1968) [see also Immunochemistry (1970) ]. Vol. 177 turn allows activation of subcomponent Cls proenzyme (Ziccardi & Cooper, 1976; Sim et al., 1977) to yield the fully active Cl complex.
Human subcomponent Cl q Calcott & Muller-Eberhard, 1972; Reid et al., 1972) and rabbit subcomponent Clq (Reid et al., 1972; Volanakis & Stroud, 1972; Lowe & Reid, 1974) have both been well characterized. Each has been shown to have an unusual amino acid composition, consistent with there being a region of collagen-like amino acid sequence in the molecule, and this has now been confirmed by sequence studies on the three polypeptide chains of human subcomponent Clq (Reid, 1974 (Reid, , 1976 (Reid, , 1977 .
Detailed structural studies on human complement components have been hampered by the poor availability of blood. Similar disadvantages apply to small animals such as the rabbit and the guinea pig. Although very little characterization has been carried out on the complement system in larger animals, it seemed worthwhile to investigate their potential as a source of complement components. The ready availability of bovine blood made this the system of choice, as it has also been for detailed study of many coagulation factors. Comparison of the structures of human and bovine components may help to elucidate those features which are important for biological activity.
The present paper describes the purification of bovine subcomponent Clq in high yield by rapid and simple chromatographic procedures. Characterization has also been carried out, and comparison of subcomponent Clq with human and rabbit subcomponent Clq suggests that the bovine subcomponent is very similar to the others. Together with the bovine Clr and Cls subcomponents (R. D. Campbell, N. A. Booth & J. E. Fothergill, unpublished work) , which are also analogous to their human counterparts, bovine Clq will provide adequate material for a detailed study of the Cl complex, and of its interaction with bovine C4 (Booth et al., 1979) .
Materials and Methods

Materials
The sources of reagents used were as follows: sheep erythrocytes in Alsevers solution, Tissue Culture Services, Slough, Berks., U.K.; guinea-pig serum, Wellcome Reagents, Beckenham, Kent, U.K.; benzamidine hydrochloride hydrate, Aldrich Chemical Co., Gillingham, Dorset, U.K.; CMcellulose 52, Whatman, Maidstone, Kent, U.K.; DEAE-Sephadex A-50, Pharmacia (Great Britain) Ltd., London W.5, U.K.; Ultrogel AcA 34, LKB Instruments Ltd., South Croydon, Surrey, U.K.; agarose, SDS, polyacrylamide, NN'-methylenebisacrylamide, BDH, Poole, Dorset, U.K.; sialic acid, Coomassie Brilliant Blue R (C.I. no. 42660), collagenase type 111 (chromatographically purified), Sigma (London) Chemical Co., Kingston upon Thames, Surrey, U.K.; rabbit anti-(human subcomponent Clq), Hoechst Pharmaceuticals, Hounslow, Middx., U.K.
Methods
Isolation of subcomponent Clq. Bovine blood was collected at the slaughterhouse in 1-litre plastic centrifuge bottles and allowed to clot at 37°C for 30min and used immediately. All subsequent manipulations were performed at 4°C unless otherwise stated. Measurements of pH and conductivity were made at room temperature.
Serum was separated from the clot by centrifugation at 1800g for 1 h. The euglobulin fraction of 5 litres of serum was prepared by dialysing the serum against three changes of 40 litres of 8.5 mM-NaCI/ 13.3 mM-sodium phosphate buffer (pH 6.0, conductivity 1.8mmho/cm) strictly at 0°C for 36h. The euglobulin fraction thus formed was centrifuged at 1800g for 1 h, washed with dialysis buffer, and resuspended by gentle hand homogenization in 500ml of lOmM-EDTA/100mM-NaCl/lOmM-benzamidine/ 2.5mM-iodoacetamide/0.2mM-1,10-phenanthroline/25mM-potassium phosphate buffer (pH 7.4, conductivity 16.Ommho/cm).
The euglobulin sample was clarified by centrifugation at 20000g for 30min and applied to a column (5cmx 30cm) of DEAE-Sephadex A-50 equilibrated with the same buffer. The column was eluted at a rate of 75ml/h. Subcomponent Clq was eluted with the starting buffer, and the fractions were pooled and dialysed against lO0mM-NaCl/lOmM-EDTA/200mM-sodium acetate buffer (pH5.3, conductivity 21mmho/cm). The solution (950ml) was chromatographed on a column (Scmx 36cm) of CM-cellulose equilibrated with the NaCI/EDTA/ acetate buffer, pH5.3, at a flow rate of 100ml/h.
After the first protein peak had been eluted, a linear gradient composed of 2500ml of 100mM-NaCl/ I0mM-EDTA/200mM-sodium acetate buffer, pH 5.3, and 2500ml of 400mM-NaCl/lOmM-EDTA/200mM-sodium acetate buffer, pH 5.3, was begun. The tubes containing the subcomponent Clq haemolytic activity were pooled, concentrated by ultrafiltration to 18ml and dialysed against 100mM-NaCl/lOmM-EDTA/200mM-sodium acetate, pH 5.3. This solution was applied to a column (2.5 cmx 140cm) of Ultrogel AcA 34 equilibrated with the same buffer and eluted by upward flow at a rate of 15ml/h. The tubes containing the subcomponent Clq haemolytic activity were pooled and concentrated, and represented the finally purified subcomponent Clq.
Haemolytic assay of subcomponent Clq activity. Veronal-buffered saline, I0.065, pH7.3, containing 1 mM-MgCl2 and 0.15 mM-CaC12 (VBS buffer) and veronal-buffered saline, I0.065, pH7.3, containing 10mM-EDTA (VBS-EDTA buffer) were prepared by the method of Rapp & Borsos (1970) . EAC4 cells were prepared from sheep erythrocytes, rabbit antiserum and guinea-pig serum as described by Mayer (1961) . Functionally pure guinea-pig component C2 was prepared as described by Nelson et al. (1966) . A mixture of functionally pure bovine subcomponents Clr and Cls was prepared by ionexchange chromatography of euglobulin on DEAESephadex A-50 at pH7.4 (R. D. Campbell, N. A. Booth & J. E. Fothergill, unpublished work) . The mixture of subcomponents CIr and CIs was stored at -70°C in 0.2ml samples. The late components of complement (C3-C9) were supplied in the form of whole guinea-pig serum diluted 1 to 25 with VBS buffer/EDTA.
To assay for subcomponent Clq haemolytic activity, 0.1ml serial dilutions of the solution to be tested were made in VBS buffer; 0.2ml of the Cir/ Cls mixture in VBS buffer was added along with 0.1 ml of EAC4 cells (1.5 x 108/ml). After incubation at 37°C for 1 5min, 0. Aminoff (1961) after hydrolysis of the subcomponent Clq in 0.2M-H2SO4 at 85°C for 1 h. Hexosamine was determined with the amino acid analyser by the method of Spiro (1972) on samples previously hydrolysed in 4M-HCl for 4h at 110°C.
To determine the'degree of substitution of carbohydrate on hydroxylysine residues, samples (0.096 mg) of subcomponent Clq were subjected to hydrolysis in 2M-NaOH in polypropylene bottles at 1 10°C for 16h. After desalting, glycosides were determined directly on a Locarte analyser (Isemura et al., 1976) . Samples were quantified by using Hyl-Gal-Glc and Hyl-Gal prepared from bovine bone collagen.
Polyacrylamide-gel electrophoresis in the presence of SDS. Polyacrylamide-gel electrophoresis in the presence of SDS was performed as described by Weber et al. (1972) . Samples were run on 7.5% polyacrylamide gels in 0.1% SDS/0.1 M-sodium phosphate buffer, pH 7.2. Samples were prepared by incubation at 100°C for 2min in either 1% SDS/1% mercaptoethanol/0.01 M-sodium phosphate buffer, pH7.2, or 1% SDS/4M-urea/0.01 M-sodium phosphate buffer, pH 7.2. The gels were stained for protein with 0.25% Coomassie Brilliant Blue in methanol/ acetic acid/water (5:1:5, by vol.) and destained in 7% acetic acid/9.5% methanol solution. Carbohydrate was stained by the method of Kapitany & Zebrowski (1973 Analytical ultracentrifugation. Sedimentationvelocity analysis was carried out in a Beckman model E ultracentrifuge with schlieren optics. The sedimentation coefficient of subcomponent Clq (in 430mM-sodium acetate buffer. pH5.2) was determined at 20°C by using a single-sector cell and a rotor speed of 59780rev./min.
The molecular weight of subcomponent Clq (1.5 mg/ml in 100mM-NaCl/IOmM-EDTA/25mM-potassium phosphate buffer, pH7.4) was determined by sedimentation equilibrium as described by Lamm (1929) . A rotor speed of 5784rev./min was used and photographs were taken by using the schlieren optical system. The partial specific volume was calculated from the amino acid (Schachman, 1957) and carbohydrate compositions (Gibbons, 1966 
Immunodiffusion, immunoelectrophoresis and radial immunodiffusion
For immunodiffusion, the method of Ouchterlony (1958) was followed. Plates were prepared by using 0.6% agarose in lSOmM-NaCl/50mm-Tris/50mM-glycine buffer, pH 8.6 containing 0.2% NaN3.
Immunoelectrophoresis was performed by a modification of the method of Scheidegger (1955) using 1% agarose in 25mM-Tris/HCl/25mM-glycine/ 75mM-NaCl/lOmm-EDTA, pH8.6. Electrophoresis was performed for 2h at 4°C with a potential gradient of 6V/cm.
Radial immunodiffusion was carried out by a modification of the method of Mancini et al. (1965) . Plates were prepared with 1% agarose containing 0.3-0.5% (v/v) antiserum to Clq in the buffered saline used for Ouchterlony analysis. The plates were standardized by using a purified preparation of subcomponent Clq, the concentration of which was determined by amino acid analysis.
N-Terminal analysis. Qualitative N-terminal analysis was carried out by the dansyl method described by Weiner et al. (1972) . The subcomponent Clq fraction (512ml) from the CM-cellulose column was concentrated to 18 ml, dialysed against I00 mM-NaCI/I0 mM-EDTA/J200mM-sodium acetate buffer, pH 5.3, and loaded on to a column (2.5cmx 140cm) of Ultrogel AcA 34 equilibrated in the same buffer. , A280. Effect of heat treatment on bovine subcomponent C I q Over 90% of bovine subcomponent Clq was precipitated on heat treatment at 560C for 30min, which caused complete loss of the haemolytic actiVity and of the ability to form precipitin lines in immunodiffusion. 
Absorption coefficient ofsubcomponent Clq
The A",-of subcomponent Clq in 0.5M-acetic acid, after drying to constant weight, was 7.20 at 280nm.
Vol. 177 column, subcomponent Clq was eluted in the mol.wt. range 340000-360000. The apparent molecular weights of the unreduced subunits of bovine subcomponent Clq on polyacrylamide gels in the presence of SDS (Fig. 3) were found to be 69000 and 62000 with the use of unreduced marker proteins. The molar ratio of the unreduced subunits was always found to be 2:1 respectively. Most of the carbohydrate in subcomponent Clq appears to reside in the 69000-mol.wt. subunit, with very little in the 62000-mol. wt. subunit. Reduction of subcomponent Clq gave two bands of apparent mol. wts. 30000 and 25000. The molar ratio of the reduced subunits was 1:2. (Reid et al., 1972) . The carbohydrate composition of subcomponent Clq is given in Table 4 . Most of it is in the form of neutral hexoses and is slightly higher than the corresponding carbohydrate compositions of human and rabbit subcomponents Clq (Reid et al., 1972) ; 87% of the hexosamines in bovine subcomponent Clq is glucosamine.
Analyses of the carbohydrate unit attached to hydroxylysine revealed that 91% of the hydroxylysine residues present in subcomponent Cl q are substituted with the disaccharide unit galactosylglucose. This To determine from which unreduced subunit the reduced bands are derived, unreduced subcomponent Clq was run on 7.5% polyacrylamide gels in the presence of SDS. The appropriate areas of the gels corresponding to the unreduced bands were excised and protein was eluted from the gel slices by adding a small portion of 4M-urea in 0.01 M-sodium phosphate buffer, pH7.2, and incubating at room temperature overnight. The bands were then run on 7.5% polyacrylamide gels in the presence of SDS under reducing conditions (Fig. 3) . One subunit with an apparent mol.wt. of 30000 and one with an apparent mol.wt. of 25000 are derived from the 69000-mol.wt. unreduced subunit. The molar ratio of these bands was 1.1:1.0. The other subunit of apparent mol.wt. 25000 is derived from the 62000-mol.wt. unreduced subunit.
Effect of ionic strength on the behaviour of the unreduced subunits of subcomponent Clq on polyacrylamide gels in the presence ofSDS
The behaviour of the unreduced subunits of subcomponent Clq on 7.5% polyacrylamide gels in the presence of SDS appears not to be influenced by high salt concentrations. Even when loaded on to the gel in 0.5M-NaCl, no higher-molecular-weight material could be detected on the gels and the molar ratio of the bands was consistently 2: 1.
Collagenase digestion of native bovine subcomponent Clq Digestion of subcomponent Clq with collagenase at 37°C caused a rapid decrease in haemolytic activity compared with the control sample held at 37°C (Fig.  4) . Analyses of the urea-dissociated digest on 7.5% S.S.
..3. Numbers refer to times (h) at which samples were removed. C refers to control sample held at 37°C for 24h.
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polyacrylamide gels in the presence of SDS showed four degradation products (Fig. 5) . Scanning of the gels revealed that, after 6h of incubation with collagenase, 70% of the 62000-mol.wt. unreduced subunit of subcomponent Clq had been completely digested, whereas only 30% of the 69000-mol.wt. unreduced subunit had been digested. After 24h of incubation both unreduced subunits of subcomponent Clq had been completely digested by collagenase. Incubation of hen ovalbumin with collagenase under the same conditions gave no degradation products, thereby showing that the collagenase was not contaminated with other proteolytic enzymes.
Discussion
The isolation of haemolytically active bovine subcomponent Clq in relatively high yield has been possible by using simple chromatographic techniques. Starting with 5 litres of bovine serum it has been possible to isolate 60-80mg of subcomponent Clq (Table 1 ). The euglobulin precipitate was also used as the starting material for the purification of bovine subcomponents Clr and Cis (R. D. Campbell, N. A. Booth & J. E. Fothergill, unpublished work) . To prevent proteolytic activation of these subcomponents, serum was dialysed strictly at 0°C. This has been shown by Ziccardi & Cooper (1976) to prevent proteolytic activation of the corresponding human subcomponents. The stability of unactivated component Cl in whole serum is probably due to proteinase inhibitors, which are present in large excess. However, in separation of the euglobulin material by dialysis, a large proportion of the proteinase inhibitors in serum remains in the pseudoglobulin (Davie et al., 1976) . To prevent proteolytic activation of subcomponents Clr and Cls by any contaminating proteinases, it was found necessary to redissolve the euglobulin precipitate in a buffer containing 10mM-benzamidine. Benzamidine has been used extensively in the isolation of bovine Factor VIII (Schmer et al., 1972) , Factor IX, Factor X (Fujikawa et al., 1972 (Fujikawa et al., , 1973 and Factor VII (Kisiel & Davie, 1975) and has been shown to prevent proteolytic degradation of these proteins. lodoacetamide, to inactivate thiol-dependent enzymes, and 1,10-phenanthroline, to inactivate the zincdependent tissue collagenases, were also contained in the buffer used to dissolve the euglobulin.
Previous studies on the bovine complement system indicated that bovine serum was non-haemolytic in the standard assay system with sensitized sheep erythrocytes. However, in assays for the early complement components with reagents prepared from guinea-pig serum, it was shown that bovine serum contained component Cl activity (Rice & Crowson, 1950 (Fong et al., 1971a,b) . This, together with work by Barta & Barta (1972) , who showed that whole bovine complement can be assayed best with guinea-pig or rabbit erythrocytes, but not with sheep erythrocytes, suggests that incompatibility between the late-acting components of bovine complement and sheep erythrocytes was responsible for previous reports that bovine serum was nonhaemolytic. Our assay system is based on the interaction of bovine Cl components with guinea-pig complement components on sensitized sheep erythrocytes. Bovine component Cl interacts with EAC4 cells, forming a cell-bound complex that is stable to the usual washing procedures and that is capable of cleaving guinea-pig component C2, thus causing activation of the membrane-attack system and lysis of the cells.
The concentration of bovine subcomponent Clq in serum collected at the slaughterhouse is reproducibly in the range 85-95gg/ml. To check that the serum had not been substantially diluted by other body fluids, the serum concentration of subcomponent Clq was measured in samples of venous blood taken from live bulls. Since the concentration of subcomponent Clq in these samples is in the range 100-10lg/ml, dilution of the serum collected at the slaughterhouse is very slight.
The amino acid and carbohydrate compositions of bovine subcomponent Clq (Tables 3 and 4) are similar to those reported for the human and rabbit subcomponents (Reid et al., 1972; Calcott & Muller-Eberhard, 1972) . Notable features of the amino acid composition are the high glycine value and the presence of hydroxyproline and hydroxylysine, suggestive of a collagen-like sequence in subcomponent Clq. This was supported by the susceptibility of the haemolytic activity of subcomponent Clq to digestion by purified collagenase (Fig. 4) . A collagen-like amino acid sequence of about 78 residues has been found in each of the three chains of human subcomponent Clq (Reid, 1974 (Reid, , 1976 (Reid, , 1977 . This region of the Clq molecule is common to the human, rabbit and bovine molecules and appears to be essential for the biological activity of subcomponent Clq.
Analyses of the carbohydrate attached to subcomponent Clq revealed the presence of the disaccharide unit galactosylglucose linked to hydroxylysine. No hydroxylysylgalactose could be detected, and approx. 91 % of the hydroxylysine residues were modified by addition of the disaccharide unit. The functional significance of this carbohydrate moiety is not known, but it can be compared with type-IV collagen, in which approx. 95% of the hydroxylysine residues with carbohydrate attached are substituted with the disaccharide unit (Kefalides, 1973) . It has been shown for rabbit subcomponent Clq and human subcomponent Clq (Calcott & Muller-Eberhard, 1972 ) that some of the hydroxylysine residues are substituted. However, the nature and degree of substitution are not known. The small amounts of glucosamine and sialic acid detected in subcomponent Clq are indicative of a second carbohydrate moiety whose composition resembles that of plasma glycoproteins.
The molecular weight of undissociated subcomponent Clq has been estimated by two methods: gel filtration on a calibrated Ultrogel AcA 34 column and in the ultracentrifuge by sedimentation equilibrium. The apparent molecular weight determined by gel filtration on Ultrogel AcA 34 in a buffer of conductivity 21mmho/cm was found to be in the range 340000-360000. This is lower than the mol.wt. found by sedimentation equilibrium (430000+ 15000). The value of 430000 agrees with results by similar methods for human and rabbit subcomponent Clq (Reid et al., 1972; Calcott & Muller-Eberhard, 1972) . Salt concentration appears to affect the apparent molecular weight of subcomponent Clq determined by gel filtration. Even lower apparent molecular weights result when the Ultrogel column is run in buffers of higher salt concentration. The reason for this anomalous behaviour is not understood, but it is important for the purification process that the sample and column should be at the specified buffer concentration in order to achieve separation of subcomponent Clq from other proteins.
SDS/polyacrylamide-gel electrophoresis under non-reducing conditions (Fig. 3) yielded two bands, of mol.wts. 69000 and 62000 in a molar ratio of 2: 1. Under reducing conditions the mol.wts. of the bands were 30000 and 25000 in a molar ratio of 1:2. The molecular weight of the 62000-mol.wt. subunit is slightly higher than the corresponding human subunit (54000) and could be due to a difference in carbohydrate content. Eluting the 69000 and 62000 bands from the gels and re-running them under reducing conditions showed that the 69000-mol.wt. subunit is composed of two polypeptide chains of mol.wts. 30000 and 25000 (Fig. 3) , and the 62000-mol.wt. subunit is composed of two polypeptide chains of mol.wt. 25000. The molecular weights of the chains calculated from SDS/polyacrylamide-gel electrophoresis have probably been overestimated owing to the influence that carbohydrate and collagen-like portions have on the rate of migration of proteins through these gels. The presence of carbohydrate in proteins tends to lead to an overestimation of molecular weights; also, the chains of collagen and peptides derived from them migrate at a much lower rate than do the globular proteins of the same molecular weight (Furthmayr & Timpl, 1971) . 1979 538 
